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WK,QWHUQDWLRQDO&RQIHUHQFH('8:25/'(GXFDWLRQ)DFLQJ&RQWHPSRUDU\:RUOG
,VVXHV
&RQVLGHUDWLRQVRQWKHLQIOXHQFHRIWKHHOHFWURQLFHTXLSPHQWVRQ
WKHVDIHW\ZKLOHGULYLQJRIWKHDXWRPRWLYHV
7LEHULX0DFDULH0LKDLO0DFDULH
8QLYHUVLW\RI3LWHVWL6WU7DUJXGLQ9DOHQU3LWHVWL$UJHV
5HQDXOW7HFKQRORJLH5RXPDQLHVUO%XFXUHVWL
$EVWUDFW
6DIHW\ ZKLOH GULYLQJ HQVXUHG E\ WKH DXWRPRWLYH WR LWV SDVVHQJHUV RU WR WKH PHUFKDQGLVHV WUDQVSRUWHG LV DQ LQFUHDVLQJO\
LPSRUWDQW IHDWXUHERWK LQ WKHDFTXLVLWLRQSURFHVVDVZHOODVZKLOHGULYLQJ LW7KXV WKHDXWRPRWLYHEXLOGHUVHTXLS WKHLUQHZ
PRGHOV RI DXWRPRWLYHVZLWK LQFUHDVLQJO\PRUH FRPSOH[ HOHFWURQLF HTXLSPHQWV WKDW SURYLGHPXOWLSOH IXQFWLRQV FRQFHUQLQJ
VDIHW\DQGFRPIRUWZKLOHGULYLQJ7KHVHHOHFWURQLFHTXLSPHQWVKDYHQDPHVWKDWDUHDOUHDG\SDUWRIHYHU\GD\ODQJXDJHVXFKDV
$65$%6(63PRUHDQGPRUHSHUIRUPLQJDQGRIWHQXVHGLQPDVVSURGXFWLRQ
2IWHQ EX\HUV ORRN IRU RU DUH HYHQ VXUSULVHG E\ WKH PXOWLWXGH RI IDFLOLWLHV SURYLGHG E\ WKH HOHFWURQLF HTXLSPHQWV WKH
DXWRPRWLYHV KDYH ZLWK LPSDFW LQ WKH FRPIRUW DQG WKH VDIHW\ ZKLOH GULYLQJ$OWKRXJK WKHVH HTXLSPHQWV KDYH D VLJQLILFDQW
LPSDFWRQWKHDFTXLVLWLRQSULFHRIWKHDXWRPRWLYHWKH\DOVRLPSURYHVLJQLILFDQWO\WKHFRPIRUWE\UHGXFLQJWKHSK\VLFDOHIIRUW
RIWKHGULYHUZKHQKDQGOLQJWKHVWHHULQJZKHHOWKHFOXWFKWKHJHDUER[RUWKHEUHDNSHGDO6DIHW\ZKLOHGULYLQJLVLPSURYHG
E\FUHDWLQJVSHFLILFIRUFHVRQWKHVXUIDFHWKDWPDNHVWKHFRQWDFWEHWZHHQWKHZKHHOVDQGWKHURDGOHDGLQJWRDSHUPDQHQWJULS
EHWZHHQWKHZKHHODQGWKHURDGUHJDUGOHVVWRWKHGULYLQJFRQGLWLRQV0RUHRIWHQWKDQQRWWKHHOHFWURQLFFRQWUROV\VWHPVRIWKH
DXWRPRWLYHDFWLQWKHVHQVHRILPSURYLQJWKHFRPPDQGVJLYHQWKHGULYHURULQDGDQJHUVLWXDWLRQWKH\RYHUULGHWKHFRPPDQGV
RIWKHGULYHULQRUGHUWRSUHYHQWWKHDFFLGHQWIURPKDSSHQLQJ
7KLVSDSHUDQDO\VHVWKHPRVWIUHTXHQWXVHGHTXLSPHQWVWKDWFDQEHIRXQGRQWKHDXWRPRWLYHVQRZDGD\VDQGWKHLUIXQFWLRQLQJ
SULQFLSOHV:HDQDO\]HWKHV\VWHPVWKDWHQVXUHVDIHW\ZKLOHGULYLQJZKHQDFFHOHUDWLQJ$65RUEUDNLQJ$%6DVZHOODVLQ
WUDQVLWRU\VLWXDWLRQV(63:HSUHVHQWGHWDLOHGVFKHPHV IRUHYHU\V\VWHPGHVFULEHGDQG WKHZD\ LW LQIOXHQFHV WKHG\QDPLF
EHKDYLRXURIWKHDXWRPRWLYH
)XUWKHUPRUH WKHUH DUH SUHVHQWHG WKH VDIHW\ SHUIRUPDQFHV ZKLOH GULYLQJ RI WKH DXWRPRWLYHV HTXLSSHG ZLWK VXFK V\VWHPV
FRQFHUQLQJWKHPDQRHXYUDELOLW\DQGWKHVWDELOLW\ZKLOHVWUDLJKWIRUZDUGGULYLQJRURQFRUQHUV
7KLVSDSHUPDNHVUHFRPPHQGDWLRQVFRQFHUQLQJWKHWHDFKLQJPHWKRGVRIWKHVDIHW\V\VWHPVRIHOHFWURQLFFRQWUROZKLOHGULYLQJ
WKHDXWRPRWLYHLQVXFKPDQQHUWKDWWKH\DUHHDVLO\XQGHUVWRRGDQGDVVLPLODWHGE\WKHVWXGHQWV7KLVSDSHUUHFRPPHQGVWKDW
WKH SUHVHQWDWLRQ VKRXOG EHPDGH VWDUWLQJZLWK WKHPDLQ SULQFLSOHV RI IXQFWLRQLQJ DQG WKDQ XVH DV VXSSRUW FRPSOH[ VOLGHV
JHQHUDWHGE\VSHFLDOLVHGFRPSXWHUVRIWZDUH

&RUUHVSRQGLQJDXWKRU
(PDLODGGUHVVWLEHULXPDFDULH#XSLWUR
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7KHSDSHULVXVHIXOWRWKHWHDFKHUVRI7HFKQRORJLFDO(GXFDWLRQDQGWRWKRVHWHDFKLQJLQWKHVSHFLDOLVHGWHFKQLFDOHGXFDWLRQDO
V\VWHP

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH8QLYHUVLW\RI3LWHVWL5RPDQLD

.H\ZRUGVDXWRPRWLYHVWDELOLW\HOHFWURQLFFRQWUROWUDFWLRQFRQWURO
,QWURGXFWLRQ
7KHHOHFWURQLFFRQWURORIWKHDXWRPRWLYHVG\QDPLFVFRPHV WRFRPSOHWHDQGLPSURYHLWVEHKDYLRXUJHQHUDWHG
E\WKHFRPPDQGVRIWKHGULYHUIURPKLVSRVLWLRQLQWKHFRPPDQGFHQWUH
7KH TXDOLW\ RI EUHDNLQJ DQG WUDFWLRQZKHQ OLPLWHG JULS WKH VWDELOLW\ DQGPDQRHXYUDELOLW\ SURSHUWLHV RI WKH
DXWRPRWLYHDUHEHLQJLQIOXHQFHGE\WKHGLIIHUHQFHEHWZHHQWKHWDQJHQWLDOWUDFWLRQRUEUDNLQJIRUFHVDQGWKHJULS
IRUFHVEHWZHHQWKHWLUHVDQGWKHWUHDG
,Q DGGLWLRQ WKH IRUFHV DUH UHGXFHGZKHQ WKHZKHHOVEHJLQ WR VOLS7KHGULYHU FDQ QRWPDQDJH LQ DQ\ WUDYHO
PRGH RI WKH DXWRPRWLYH E\ XVH RI WKH FODVVLFDO PHFKDQLFDO EUHDNLQJ RU DFFHOHUDWLQJ V\VWHPV WKH VL]H RI WKH
EUHDNLQJRUWUDFWLRQIRUFHVWKDWRFFXUDWWKHOLPLWRIWKHJULSEHWZHHQWKHZKHHOVDQGWKHURDG
7KHUROHRIWKHHOHFWURQLFEUDNHFRQWURO
'XULQJEUDNLQJWKHEUDNLQJIRUFHDWWKHZKHHOPXVWQRWH[FHHGWKHYDOXHRIWKHJULSIRUFHEHWZHHQWKHZKHHO
DQGWKHWUHDGLQRUGHUWRNHHSXQGHUFRQWUROWKHG\QDPLFEHKDYLRXURIWKHYHKLFOH,QRUGHUIRUWKLVWRKDSSHQLWLV
QHFHVVDU\WKDW WKHEUDNLQJIRUFHDWWKHZKHHOGRHVQRWOHDGWREORFNLQJWKHZKHHODQGDVDUHVXOWWKHVOLSRIWKH
ZKHHORQWKHWUHDG
7KHIXQFWLRQLQJRIWKHEUHDNLQJV\VWHPVLVHOHFWURQLFDOO\FRQWUROOHGE\WKH$%6$QWL%UDNLQJ6\VWHPZKLFK
SUHYHQWVWKHZKHHOVIURPEORFNLQJZKLOHEUHDNLQJ
7KH$%6 SUHYHQWV WKH SKHQRPHQRQ RI EORFNHG ZKHHOV ZKLOH EUHDNLQJ VR WKDW WKH GULYHU KDV SHUPDQHQWO\
XQGHUFRQWUROWKHVWDELOLW\DQGKDQGOLQJRIWKHYHKLFOH
7KLVLVDFKLHYHGE\WKHHOHFWURQLFFRQWURORIEUDNLQJIRUFHVWRWKHZKHHOVVRWKDWWKH\GRQRWFDXVHWKHZKHHOV
WREORFNUHJDUGOHVVRIWKHLQWHQVLW\RIEUDNLQJDQGWKHWLUHJULSVL]HZLWKWKHWUHDG



)LJXUH6SHHGVHQVRU

7KHVL]HRIWKHEUHDNLQJIRUFHVLVHOHFWURQLFDOO\PDQDJHGGHSHQGLQJRQRIWKHEUDNHGZKHHOPHDVXUHG
E\ D VSHHG VHQVRU DV VKRZQ LQ ILJ 7KH VHQVRUZRUNV EDVHG RQ WKH SULQFLSOH RIPDJQHWLF LQGXFWLRQ DQG LW
FRQVLVWVLQDFRQVLVWLQJRIDPDJQHWLFFRUHZUDSSHGE\DFRLO
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7KHJHDUZKHHOLVVROLWDU\LQPRYHPHQWZLWKWKHZKHHOKXEWKDWSURGXFHVWKHFKDQJHRIWKHPDJQHWLF
ILHOGLQGXFHGLQWKHFRLOE\PRGLI\LQJGLVWDQFHEHWZHHQWKHPDJQHWLFFRUHDQGWKHJHDUZKHHO7KHYDULDWLRQ
RIWKHPDJQHWLFILHOGWKDWFURVVHVWKHFRLOSURGXFHV$&ZKRVHIUHTXHQF\LVSURSRUWLRQDOWRWKHZKHHOVSHHG7KH
HOHFWURQLFFRQWUROXQLWFDQPDQDJHDFFRUGLQJWRLQIRUPDWLRQUHFHLYHGIURPWKHVHQVRUWKHVL]HRIEUDNLQJIRUFHDW
WKHZKHHO
7KHUROHRIHOHFWURQLFWUDFWLRQFRQWUROV\VWHPV
7UDFWLRQPHDQV WKDW WKH IRUFH DW WKH VWHHULQJZKHHOVPXVW QRW H[FHHG WKH VWHHULQJZKHHOV JULS IRUFH WR WKH
WUHDG 7KH EUHDNLQJ WKH JULS EHWZHHQ WKH ZKHHOV DQG WKH WUHDG LV UHVXOWLQJ LQ ORVV RI YHKLFOH FRQWURO 6XFK
VLWXDWLRQVPD\RFFXU LQ IXOO WKURWWOHPRGHRQVXUIDFHVZLWKJRRGDGKHVLRQRU LQYDULRXVPRGHVRI WUDYHORURQ
VOLSSHU\UXQZD\VZKHQWKHZKHHOIRUFHH[FHHGVWKHJULSIRUFHEHWZHHQWKHWLUHDQGWKHWUHDG
(OHFWURQLFWUDFWLRQFRQWUROUHDOLVHGE\HOHFWURQLFV\VWHPVVXFKDV$65$QWLZKHHO6SLQ5HJXODWLRQRU(7&
(OHFWURQLF7UDFWLRQ&RQWUROHQVXUHVSHUPDQHQWFRQWURORIWKHPD[LPXPIRUFHWRWKHZKHHODW WKHOLPLWRIWKH
JULS WLUH ZLWK WKH WUHDG $65 XVHV PXFK RI WKH WUDQVGXFHUV XVHG E\ WKH $%6 DQG VKDUHV FRPPRQ HOHFWURQLF
FRQWUROXQLWV$%6$65
$65FDPPRGLI\WKHVL]HRIWKHGULYHWRUTXHRIDGULYLQJZKHHOPRGLI\LQJVXFKLIWKHFDVHQHHGHGWKHLQSXW
UHFHLYHGWKURXJKWKHDFFHOHUDWLRQSHGDOIURPWKHGULYHUVRWKDWWKHVL]HRIWKHGULYHWRUTXHUHDFKLQJWKHGULYLQJ
ZKHHOVSUHYHQWVWKHVOLGLQJRXWRIWKHWUHDG$65FDQDOVRLQFDVHRIVLJQLILFDQWVSHHGGLIIHUHQFHVEHWZHHQZKHHOV
RQ WKH VDPHD[OH WREUDNH WKHZKHHOZKLFK WHQGV WR VSLQ IDVWHU ,Q WKLVZD\SRZHU IORZ LV UHGLVWULEXWHG WR WKH
ZKHHOZLWKWKHEHVWJULS
7KHUROHRIHOHFWURQLFVWDELOLW\FRQWUROV\VWHPV
,VKDUPIXODQGXQHFRQRPLFDODVDYHKLFOHWRQRWPHHWWKHWHFKQLFDOUHTXLUHPHQWVEXWH[WUHPHO\GDQJHURXVIRU
LWWRORVHVWDELOLW\UHJDUGOHVVRIWKHFDXVHVWKDWJHQHUDWHWKLVVLQFHLQVXFKVLWXDWLRQVLWVFRQWUROLVORVWZLWKDOO
WKHFRQVHTXHQFHVWKDWUHVXOW
.HHSLQJWKHYHKLFOHVWDELOLW\ LVRQHRIWKHTXDOLWLHVWKDWPXVWEHUHVSHFWHGLQDQ\PRGHRIWUDYHO WKHYHKLFOH
EHLQJXQGHUWKHSHUPDQHQWFRQWURORIWKHGULYHU7KLVLVHQVXUHGE\WKHXVHRIFRPSOH[HOHFWURQLFV\VWHPVNQRZQ
XQGHUYDULRXVDFURQ\PV(63(OHFWURQLF6WDELOLW\3URJUDP$6&$XWRPDWLF6WDELOLW\&RQWUROHWF
(63RFFXUVZKHQVXGGHQGHYLDWLRQ IURP WKHVWUDLJKWSDWKRI WKHYHKLFOHRU LWV WHQGHQF\ WR URWDWHDURXQG LWV
D[LVYHUWLFDOZDONLQJVWUDLJKWRUWXUQLQJ


)LJXUH/RQJLWXGLQDOWDQJHQWLDOIRUFHGLDJUDPWKDWRFFXUEHWZHHQWKHZKHHODQGWKHWUHDG

$6&LQWHUYHQHVDQGDGMXVWVHQJLQHSRZHUGHSHQGLQJRQVSHHGRIWKHGULYLQJZKHHOVE\FRQWUROOLQJWKHWKURWWOH
SHGDOSRVLWLRQE\GHOD\LQJWKHRQVHWRIDQHOHFWULFVSDUNLQWKHHQJLQHF\OLQGHUVDQGLQH[WUHPLVE\VXSSUHVVLQJ
LJQLWLRQHQJLQHIXHOPL[WXUH7KHHOHFWURQLFFRQWUROXQLW$6&FRPSDUHVVLJQDOVUHFHLYHGIURPWKHZKHHOVWRWKH
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RSWLPDO ZKHHO VOLS DQG WKH FULWLFDO VOLGLQJ SRLQW E\ FRQVHTXHQFH DGDSWLQJ WKH VSHHG DQG DFFHOHUDWLRQ RI WKH
GULYLQJZKHHOV
,QWUDFWLRQPRGHLIRQWKHGULYLQJZKHHOVWKHWUDFWLRQIRUFHVOHIWULJKW WV)  WG) DUHHTXDODQGDGKHUHQFHWRWKH
WUHDGLVDSSURSULDWHILJXUH WKHYHKLFOHLVPRYLQJVWUDLJKWZLWKRXWGHYLDWLRQIURPWKLVGLUHFWLRQ,I WKH OHIW
ULJKW JULS LV GLIIHUHQW D URWDWLRQ WRUTXHRFFXUV UHODWLYH WR WKH VWUDLJKWPRYLQJGLUHFWLRQRI WKHYHKLFOH RI VL]H
WG WV) ) %  
7KHPHDQLQJRIWKHQRWDWLRQVILJXUHLVWKHIROORZLQJ WV)  WG) ±OHIWULJKWWUDFWLRQIRUFH>1@ IIV)  IIG) ±EDFN
OHIW ULJKWEUHDNLQJ IRUFH > @1  URW0 ±PRPHQWRI URWDWLRQDURXQG WKHYHUWLFDO D[LV > @1 P  J& ± WKHFHQWUHRI
JUDYLW\RIWKHYHKLFOH D9 WKHVSHHGRIWKHYHKLFOH > @P V  % ±WKHGLVWDQFHEHWZHHQWKHIURQWEDFNZKHHOV > @P 
:KLOHEUDNLQJZKHQEUDNLQJIRUFHVDWWKHIURQWD[OH IIV)  IIG) DUHHTXDOUHVSHFWLYHO\WKHUHDUEUDNLQJIRUFHV
IIV)  IIG) DUHHTXDODQGWKHJULSWRWKHSDWKLVDSSURSULDWHWKDQWKHYHKLFOHLVPRYLQJVWUDLJKWZLWKRXWGHYLDWLRQ
IURP WKLV GLUHFWLRQ ,I WKH OHIWULJKW JULS LV GLIIHUHQW D URWDWLRQ WRUTXH RFFXUV UHODWLYH WR WKH YHKLFOH DQG WKH
PRYLQJVWUDLJKWGLUHFWLRQRIVL]H IIV IIG) ) %  RU IVV IVG) ) %  
6OLSFRQWURORIWKHGULYHZKHHODUHPDGHEDVHGRQWKHLQWHUYHQWLRQRQWKHHQJLQHWRUTXH
7KLVLVGRQHE\HOHFWURQLFDOO\GLVFRQQHFWLQJWKHSRZHUWRRQHRUPRUHHQJLQHF\OLQGHUVDQGZKHQDSSURSULDWH
DFWLQJRQWKHLQMHFWLRQSXPS7KXVLWZDVGHOLEHUDWHO\UHPRYHGWKHDFWLRQRQWKHDFFHOHUDWLRQIODSDQGWKLVDFWLRQ
LVFRPELQHGZLWKEUHDNLQJ7KLVFUHDWHVRSWLPXPFRQWURORIWKHYHKLFOHVWDELOLW\DQGWUDFWLRQ


)LJXUH7KHPRPHQWRIURWDWLRQRIWKHYHKLFOHGXHWRWKHEUHDNLQJIRUFH

:KHQGULYLQJLQWXUQLIWKHYHKLFOHWHQGVWRVNLGVLGHZD\VWRWKHLQZDUGVRURXWVLGHWKHFXUYHDQG\RXFDQ
FUHDWH D URWDWLQJ PRPHQW  URW0 FDOOHG \DZ PRPHQW DURXQG D YHUWLFDO D[LV WR EULQJ WKH FDU LQ WKH GHVLUHG
GLUHFWLRQWUDYHO
7XUQLQJPRPHQWFDQEHFUHDWHGDVLWIROORZV
E\EUHDNLQJRQHRIWKHZKHHOVRQRQHRIWKH
,I ZKHQ WKH YHKLFOH LV PRYLQJ VWUDLJKW RFFXUV D ODWHUDO GHYLDWLRQ WR WKH OHIW RI WKH IURQW D[OH WKH (63
FRPPDQGVWKHEUHDNLQJRQWKHULJKWZKHHORIWKHUHDUD[OHDVVKRZQLQILJXUHUHVXOWLQJLQWKHDSSHDUDQFHRID
URWDWLQJPRPHQW URW0 7KLVPRPHQWZLWKFORFNZLVHURWDWLRQSXWVWKHYHKLFOHEDFNRQWKHRULJLQDOGLUHFWLRQRI
WUDYHO7KHURWDWLQJPRPHQW URW0 LVFDOFXODWHGXVLQJ
 > @URW0 )IVG % 1 P   
ZKHUH IVG) > @1 LV WKH EUHDNLQJ IRUFH RQ WKH ULJKW ZKHHO RI WKH UHDU D[OH  > @% P WKH GLVWDQFH EHWZHHQ WKH
IURQWEDFNZKHHOV
E\LQFUHDVLQJWKHWUDFWLRQIRUFHLQRQHRIWKHGULYLQJZKHHOV
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,I ZKHQ WKH YHKLFOH LV PRYLQJ VWUDLJKW D ODWHUDO GHYLDWLRQ WR WKH OHIW RI WKH IURQW D[OH RFFXUV WKDW (63
FRPPDQGVLQFUHDVHLQWKHWUDFWLRQIRUFHRQO\RQWKHOHIWIURQWZKHHO WI) RUUHDU WV) GHSHQGLQJRQZKHWKHUWKH
WUDFWLRQRIYHKLFOHLVDOOIURQWRUDOOUHDUDVVKRZQLQILJXUH
$VDUHVXOWRIWKHDFWLRQRIWKHVHIRUFHVDURWDWLQJPRPHQWRFFXUV URW0 ZLWKDFORFNZLVHURWDWLQJGLUHFWLRQ
7KLVPRPHQWSXWVWKHYHKLFOHEDFNRQWKHRULJLQDOGLUHFWLRQRIWUDYHO
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